






SATTELITE WORKSHOP | INTERNATIONAL R A N G E L A N D CONGRESS - July 16 & 17, 2016 - SASKATOON
Editeurs scientifiques : Vincent Blanfort, Jacques Lasseur 





















The  livestock  sector’s  relationship with climate change  is complex and raises a number of questions. The sector is a 
major contributor  to agricultural greenhouse gas emissions  (GHG), but  is  itself  subject to climate change, and must 
therefore adapt to ensure its survival. Moreover, livestock production contributes to a significant and increasing extent 














countries,  while  in  developing  countries  they  are  often  seen  as  a  lower  priority  than  the  fight  against  hunger, 
malnutrition, poverty and economic development. On  the other hand, grazing  land has a very high GHG mitigation 













Sequestration  is the process of removing carbon from the atmosphere, where  it  is present  in the form of CO2, and 
drawing it down into the terrestrial pool, via plants growing on the land. Through photosynthesis (which takes place 
during daytime due to solar energy) some of the CO2  is converted  into a food source, glucose, and then  into other 
compounds  to build  the biomass of  the plants  (accompanied by a production of oxygen). During  the night plants 
breathe  (in order  to survive  this period without  light), by using oxygen and carbohydrates. During  this  respiration 
process, some CO2 is released back into the atmosphere.  







The  SOM may  increase,  or  be  re‐released within  a matter  of weeks  or months.  It  does  not  necessarily  become 
converted  into a more stable form and thus  in the  long term the soil carbon content may not  in fact  increase. The 













including microbial processes: (priming,  methanogenesis,  nitrification/denitrification)  and  modification  of  the  physical 
characteristics of the soil (texture and moisture).  
Livestock, as a vector of organic matter, also plays an  important role  in the spatial redistribution of nutrients and carbon. This  is 
particularly true in West African agro‐pastoral ecosystems (Manlay et al.2004a; Manlay et al. 2004b; Schlecht et al. 2004) and, due to 
the high mobility of herds and the importance of ruminants in the functioning of the ecosystem, a similar situation can be envisaged 


























An alternative to measurement methods is to use models. A large number of general computer models are currently 
being used to predict carbon sequestration in agricultural systems. These models fail to adequately replicate the 
impacts of different grassland management practices on carbon storage and GHG emissions compared to 
measurements on plots. Consideration of the mechanisms and processes involved in carbon stabilization and 
destabilization, particularly in relation to the impact of nitrogen fertilization on soil carbon stabilization, is still rather 
incomplete in large-scale models. There is therefore a need to advance these models, which for the most part fail to 
replicate the interactions between primary production and residence time of carbon in soils; both of these processes 
control the amount of carbon stored in soils.
THE CARBON SEQUESTRATION POTENTIAL OF GRASSLAND AND RANGELAND  
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account  for 30% of  the  land  surface  (3,5 billions of ha),  store 30% of C  soil  stock  (in  the  soil organic matter), or nearly 4% of 
anthropogenic GHG emissions (Lal, 2004). However, the carbon sequestration potential  would  range  from  0  to  4  t  C/ha/year  
depending  on  the  ecological  zone,  soil  characteristics,  climatic  conditions  and  agricultural practices (Soussana et al. 2010). 
In pastoral ecosystems, the mechanisms driving the exchange of GHG between soil and water and the atmosphere 
are complex, and knowledge of these ecosystems is lacking (Valentini et al. 2014), especially in tropical environments 
(IPCC 2013). Garnett and al. (2017) point out the fact that the range in estimates is large. This reflects the 
uncertainties inherent in the estimation methods, and the differences in management practices, the geographical 
and agro-ecological context of the studies and data acquisition methods. For example, little information is available 
about possible long-term carbon sequestration in pastures or their capacity to store C in intermediate (20–50 cm) to 
deep soil (50–100 cm) layers (Stahl and al., 2017). The sequestration potential can vary from 0 to 150 kg C / ha / year 
in arid regions and from 100 kg to 1 t C / ha / year on wet and cold regions (VIgne et al., 2016). 
A paper by Budiman and al. (2017) surveyed the soil organic carbon (SOC) stock estimates and sequestration 
potentials from 20 regions in the world, including grassland areas, but most studies on SOC sequestration only 
consider topsoil (up to 0.3 m depth). In a review. Chang and al. (2004) estimate that the carbon balance of European 
grassland (including in particular Ghg emissions) is estimated to be a net sink of 150 ±  70 Kg C m-2 yr-1 during 
1961-2010, equivalent to a 50-year continental cumulative soil-carbon sequestration of 1 billion  ± 0.4 t C.  Valentini 
et al. (2014) estimate the net long-term carbon balance of African ecosystems based on observations (including 
losses from fire disturbance) gives a sink of the order of 200 millions C /year, albeit with a large uncertainty around 
this number. Some authors point out the fact that that simply having a grassland does not result is a carbon sink, and 
it is untenable that grasslands act as a perpetual carbon sink. (Smith , 2014). The author conclude that “high carbon 
stocks (total storage of carbon in grasslands, mainly in the soils), does not equate to large carbon sinks (the net 
annual removals of carbon from the atmosphere). On  existing grassland, only through improving the grassland can 
soil C be sequestered, so where grassland management is poor, policy should seek to improve it. Secondly, since 
there is much more carbon to be lost from grasslands than can be gained, protecting large grassland carbon stocks 
should be a policy priority.”There as thus good grounds to take into account the potential capacity of pastures to 

















Ruminants  are  a  major  source  of  GHG  emissions,  particularly  CH4  and  N2O,  but  any  soil  carbon  sequestration  arising  is  small,  
uncertain,  time‐limited,  reversible  and  difficult  to  verify.  However,  ruminants  in  well‐managed  grazing  systems  can  sequester 
Ruminants are a major source of GHG emissions, particularly CH4 and N2O, but any soil carbon sequestration arising is 
small, uncertain, time-limited, reversible and difficult to verify. However, ruminants in well-managed grazing systems 
can sequester carbon in grasslands, so that this sequestration partially or entirely compensates for the CH4 generated 
by these systems. The landscapes of razing  systems  can  balance  the  GHG  emission  by  their  low  level  of  
consumption g  of  non‐renewable  energy  and  positive contribution to carbon sequestration. Grasslands which
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In French Amazonia, research is being conducted to understand the long-term dynamics of C in deep soil of 
permanent tropical pastures established (with the grass Brachiaria humidicola) after deforestation from 1970 in 
French Guiana). A unique combination of a large chronosequence study (figure 2) and eddy covariance measurements 
(flux tower, figure 3) was set up. We compared this approach with eddy covariance flux measurements on two 
pastures and one native forest (Stahl et al., 2017). The results showed that pastures stored at least 1.27 ± 0.37 tC ha-1 
yr-1 while the nearby native forest stored 3.23 ± 0.65 tC ha-1 yr-1. (figure 1).
The results suggest that in French Amazonia old permanent tropical pastures (≥ 24- year-olds) can restore a part of 
the C storage observed in native forest with appropriate practices (no fire and no overgrazing, but a mixture of grasses 
and legumes and a grazing rotation plan.  It allows farmers to maintain these pastures in the long- term without the 
loss of soil fertility often observed in cultivated soils (McGrath et al., 2001). Conservation of soil fertility should help 
limit the conversion of new fertile areas and consequently, deforestation.  
Figure 3.  Eddy covariance flux measurements was realized on 2 pastures show intra-annual variations of net C storage (NEE 
Net  Ecosystem ) as an effect of soil water conditions modulated by the management. Extensive management allows a better 
net C storage for dry years (2012), while during the wet years   (2013) intensive grazing seems to be an advantage. Negative 
values indicate storage of C by ecosystems and positive value indicates release of C.
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 lived. As soil stores two to three times more carbon than the atmosphere, a relatively small increase in the stocks could play a significant 
role in mitigating GHG emissions. The annual greenhouse gas emissions from fossil carbon are estimated at 8.9 gigatonnes C (8.9 × 1015 
g), and a global estimate of soil C stocks to 2 m of soil depth of 2400 Gt (2400 × 1015 g), while most studies on SOC sequestration only 
consider topsoil (up to 0.3 m depth), as it is considered to be most affected by management techniques. Taking the ratio of global 
anthropogenic C emissions and the total SOC stock (8.9/2400), results in the value of or 4‰. Increasing SOC has been proposed to 
mitigate climate change with the additional benefit of improving soil structure and conditions (Budiman and al., 2017). As grasslands are  




storage,  which  includes  desert,  peatlands,  mountains.  Nevertheless,  studies  across  the  globe  have  measured  SOC  
sequestration  rates and  they  suggest  that an annual  rate of 0.2  to 0.5  t C per hectare  is possible, after  the adoption of best 
management practices such as reduced tillage in combination with legume cover crops. 
It is not possible within the framework of this synthetic paper to develop in detail the grazing management options favorable to the 
storage of carbon. However.  It seems  important to point out just some basic principles.
Garnett and al., 2017) underline the point that “Livestock add neither new carbon nor nitrogen into the system. They merely 
contribute to their accumulation in some compartments (reservoirs) in soils, or in plant and animal biomass”.  As plants naturally take 
up carbon from the atmosphere, stimulating the rate of plant growth by using fertilisers, or by co-planting nitrogen- fixing legumes is a 
first approach to promote sequestration. But not all organic matter that enters the soil is converted into long term, stable soil carbon, 
since much of it is labile and leaves the system within a period of weeks, months or years . Additional, approach is to introduce deep 
rooting grasses such as Brachiaria spp. into the pasture (cf § 2.2) , the idea being that the carbon in the dead roots is stored deep 
underground in .
An other way to contribute to sequestering carbon on grazing lands is to manage the livestock through good grazing management. 
That means to manage the intensity of grazing by adjusting the stocking rate and the timing of grazing. Light to moderate intensity 
grazing is more likely to maintain soil carbon stocks and has greater potential to foster sequestration (on lands where this is possible) 










At COP21, France set an international research program, the 4 per mille Soils for Food Security and Climate’ of the 
Lima-Paris Action Agenda. The 4 per mille or 4 per 1000 aspires to increase global soil organic matter stocks by 0.4 
percent per year as a compensation for the global emission of greenhouse gases by anthropogenic sources. Since 
2015 it has been backed by almost 150 signatories (countries,  regions,  international  agencies,  private  sectors  and  
NGOs).  Stakeholders  committed  in  a  voluntary  action  plan  to  implementing farming practices that maintain or 
enhance soil carbon stocks in agricultural soils and to preserve carbon-rich soils. (SOC) sequestration is seen as a 
possible solution to mitigate climate change, to take atmospheric CO2and convert it into soil carbon which is long-
CONCLUSIONS 
The interactions between grazing farming activities and climate change, especially in the less developed regions, are 
complex. On the one hand, the entire livestock sector is a major contributor to the phenomenon in progress, mainly 
through its greenhouse gases emissions; it is subject on the other hand to climate change constraints to which it must 
adapt. Breeding has real ability to adapt while also offering significant and multiple mitigation potential. The necessary 
and obvious contribution to food security of large populations and the response to future demand for animal products 
necessitate the reconsideration of animals as contributors in designing climate-smart farming systems.
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This reconsideration of pasture systems must of course be based on the experience of dairy/stock farmers, ranchers, 
pastoralists who adapt to climate variations is the basis of their activity. However, the major climatic disturbances 
already taking place and projected go beyond the climatic variability inherent in agricultural systems. It requires 
structured discussions  between  producers,  livestock and crop  farmers, private companies in the various commodity 
chains, policy makers and civil society. Research and development institutions are essential in this dynamic process. 
They must explain the issues and propose technical and institutional solutions that apply to the entire production 
chain and territory. Research is also involved and in “the North”, scientific works now address these issues, but many 
uncertainties remain. In tropical areas, few references are available and significant work remains to be done to 
establish the baselines and strategies to support sustainable grazing activity in these regions where global 
sequestration potential is high, facing the surfaces concerned. Beyond local and regional issues, research can 
contribute to these questions about the role and challenges of grazed ecosystems in climate change and land use 
change while maintain/increase the productivity capacities of livestock sector. Livestock certainly remains a major 
GHG contributor, but it has been proven that the sector can significantly reduce emissions including carbon storage. 
Livestock could reduce its greenhouse gas emissions by 30% via greater use of better agricultural practices and 
existing technologies, while maintaining the objectives of doubling production in the South in particular in connection 
with the increasing demand.
In the context of climate change mitigation, the carbon issue was first addressed by the forest domain identified as 
the most carbon-storing sector in aboveground biomass. Then, when the storage of carbon in the soil compartment 
has become a significant additional option, crops agronomy sector has naturally integrated the theme because of a 
significant history of soil organic matter (SOM is composed of near 50% of C). Livestock's place on climate issues is still 
largely regarded in terms of contribution to GHG emissions, in particular methane. It is now crucial to highlight the 
role of grazing land in terms of mitigation. But for the message to be clear, and to be able to generate appropriate 
actions, ambiguities and uncertainties still need to be assessed. Soil carbon sequestration in grazing systems is not an 
evidence, but their capacity to contribute to the process is real, and more research is needed (among others) to clarify 
the conditions of implementation.
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